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Abstract. The evalution of prenylflavonoids from Romanian beer was done by an analytical 
methodology based on sample purification by centrifugation and subsequent analysis of the beer by 
high performance liquid chromatography with mass spectrometry MS/MS detection. In commercial 
beers less than 50 µg/l was found for XN, showing that a significant lost of this compound occurs 
during the brewing process. The isoxanthohumol is was found as principal prenylflavonoid in beer. 
The major concentration of prenylflavonoids was found in dark beer at 0.318 mg/l.  
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INTRODUCTION 
 
Hops (Humulus lupulus L.), are used in the brewing industry to provide aroma and 
bitterness to beer. The -acids of hops undergo isomerization in the wort kettle to give the iso-
-acids, the bitter of beer. Hops is a rich source of prenylated flavonoids. The brewing process 
also facilitates the conversion of prenylchalones in hops into the corresponding isomeric 
prenylflavanones (Stevens et al., 1999). 
The most important hop flavonoids are xanthohumol (XN), isoxanthohumol (IXN) and 8-
prenylnaringenin (8-PN). These hop prenylflavonoids have a positive effect on the human 
health due to antioxidant, anticancer, antimicrobial and anti-inflammatory properties (Stevens 
at al., 2004). 
The presence of 8-prenylnaringenin in beer is due to isomerization of desmethylxanthohumol 
in the brew kettle. This prenylated flavanone is the most potent phytoestrogen to date 
(Milligan et al., 1999) and this has resulted in concerns as to the estrogenic effects of beer 
consumption(Stevens et.al., 2004). 
 The XN and IXN are good for the human health, so the production of an enriched 
beer in these substances could be interest to the brewing industry for the benefits that beer 
could bring for consumer’s health. The evaluation of Romanian beers according with the 
quality and the quantity of  
prenylflavonoids compounds have to be the beginning of research.  
 
MATERIALS AND METHODS 
 
For evaluation of prenylflavonoids compounds it were investigated 12 beer samples 
from romanian market (B1...B12), from different beer type: light beer Pilsner, special events 
beer with high alcohol concentration and dark beer. All beers are brewing in romanian 
breweries.  
The analysis of prenylflavonoid compounds from beer samples was realized by HPLC, 
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with detection and quantitative determination of xantohumol, isoxantohumol and 8-
prenylnaringenine by mass spectrometry MS/MS. In this method the qualitative and 
quantitative determination is made using single reaction monitoring module (SRM) which 
assures a rapid and precise determination of the interest compound. 
For the beer samples, the developed method has the advantage that it permits direct 
determination of the sample in chromatographic system, thus the expensive and time 
consuming preparation steps are eliminated.  
In order to identify and quantify the  xantohumul, isoxantohumol and 8- 
prenylnaringenin from beer, a new method was develop and validate, based on HPLC 
separation and mass-spectrometry identification and quantitative determination of 
compounds. This method allows the direct analysis of beer. 
The method validation was made by evaluating the performance parameters: 
specificity, linearity, precision and accuracy. The developed method is presented in table 1. 
The pure standards of xantohumol, isoxantohumol and 8-prenylnaringenine were 
purchased from  Alexis Biochemicals, San Diego, SUA. 
 
Tab. 1 
HPLC –MS/MS method used for prenylflavonoids analysis 
 
Method:                                       HPLC chromatography 
Standards  XH, IXH, 8-PN  
Instrument HPLC System (Agilent Technologies) 
Column Zorbax SB-C18 100x3 mm; 3,5 m 
Mobile phase Acetonitril with 0,1% acetic acid v/v  
Elution program Concentration gradient 
Flow 1 ml/min 
Injection volum 1 l 
Column temperature 40oC 
Detection MS/MS 
Ionisation  Negative 
Ionisation source Electrospray 
Collision gas (fragmentation) Helium 
 
RESULTS AND DISCUSSION 
 
Prenylflavonoidic compounds identification and quantitative determination was made 
based on standards compounds (xantohumol, isoxantohumol and 8-prenylnaringenin) 
retention times and by full scan and MS/MS mass spectra analysis. 
In figures 1 and 2 are presented the chromatogram for a mixture of standards 
compounds (xantohumol, isoxantohumol and 8-prenylnaringenin). 
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Fig. 1.Chromatogram of standards mixture: xantohumol (3), isoxantohumol (1) and  
8-prenylnaringenin (2) 
.  
 
Xantohumol 
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                    Isoxantohumol                                        8-Prenylnaringenine 
 
 
Fig.2. Mass spectra with negative ionization for xantohumol (XH), isoxantohumol (IXH) and 8 
prenyilnaringenin (8PN) used for the qualitative and quantitative determination  
 
The chromatographic identification data for the prenylflavonoidic analyzed compounds are 
presented in table 2.  
 
 
 
Tab. 2 
 
Identification of standards prenylflavonoidic compounds from the standard mixture 
 
Compound Peak nr. Retention time tR Ion fragment from [M-H
-] 
Izoxantohumol 1 1,6 (232,9 ) from 351,3 
8-prenylnaringenin 2 2,55 (218) from 339 
Xantohumol 3 3,65 (232,9 ) from 351,3 
 
The analysis method was validated and specificity, linearity, precision and accuracy 
were determined. The chromatograms have been analyzed using the QuantAnalysis soft which 
also calculates the compounds concentrations based on their peak areas. The calibration curve 
was made using the linear regression, the smallest square method,  balance 1/Y or 1/Y2. 
The results of quantitative determination are presented in table 3. 
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Tab. 3 
 
The evaluations of prenylflavonoids content in Romanian beer  
 
Alcohol  Original extract X IX 8-PN Total 
Beer 
code Beer Type % vol. o P  µg/l  µg/l µg/l µg/l 
B 1 Pilsner  5 11.2 0 140.23 3.04 143.27 
B2 Dark beer 7 16 21.66 192.54 15.55 229.75 
B 3 Lager 4.8 11 0 114.94 6.82 121.76 
B 4 Non alcoholic  0 6.5 0 84.58 0 84.58 
B 5 Pilsner  4.6 10.7 24.76 85.95 4.59 115.3 
B 6 Dark beer 7.2 14.8 19.59 291.06 7.86 318.51 
B 7 Pilsner  5 11.6 30.24 94.79 7.82 132.85 
B 8 Pilsner  5 11.2 27.83 213.11 4.45 245.39 
B 9 Lager 4.8 11 23.4 113.87 6.2 143.47 
B 10 Pilsner  5 11.5 34.59 196.18 7.55 238.32 
B 11 Dark beer 7 15.7 46.44 137.13 8.18 191.75 
B 12 Pilsner  5.3 12.1 0 113.75 8.63 122.38 
 
CONCLUSIONS 
 
 Beer is one of the most commonly consumed alcoholic beverages, an extremely 
complex mixture of bioactive substances. Beer is the most important dietary source of 
xanthohumol and related prenylflavonoids. The isoxanthohumol is principal dietary 
prenylflavonoid. Even xanthohumol is the major prenylflavonoid in hops, in beer it is a minor 
prenylflavonoid because of thermal isomerization into isoxanthohumol during the brewing 
process. The daily intake of total prenylflavonoids can be about 0.05-0.15 mg for a normal 
consumption of 0.5l/day, a relatively small intake.  
 The concentration of prenylflavonoids in Romanian beers are so different according 
with beer type, hop dosage and plant capability. The nonalcoholic beer has the smallest 
content, due to low original extract and bitterness. The difference between lager/pilsner beer 
can be explain by hops products (pellets, extract) used as row material. The higher content it 
was measured in dark beer, so it seems that the dark beer is an important source of 
prenylflavonoids.  
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In conclusion the prenylflavonoides content in beer is determinated by hop variety, 
hop products, brewing technology and malt row material. The use of selected malts, especially 
dark ones open novel opportunities to produce new bavarages with high level bioactive 
compunds. 
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